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Low levels of UV (UV)-radiation alter 
the morphology of plants. UV-B 

exposure can lead to shorter petioles and 
shorter, narrower and/or thicker leaf 
blades. The resulting decrease in leaf 
area has been associated with inhibitory 
UV-B effects on biomass accumulation. 
In Arabidopsis, UV-B effects on leaf area 
have variously been attributed to altered 
cell division, cell expansion or combina-
tions of these two processes. A dedicated 
UV-B sensory system, crosstalk between 
flavonoids and auxins, endoreduplication 
and generic Stress Induced Morphogenic 
Responses (SIMR) have all been pro-
posed to contribute to the UV-B pheno-
type. Here, we propose that UV-mediated 
morphogenesis, rather than being con-
trolled by a single regulatory pathway, is 
controlled by a regulatory blur involving 
multiple compensatory molecular and 
physiological feedback interactions.

In the 1950s Brodführer1 showed that 
ambient levels of UV (UV)-radiation 
alter plant morphology. For example, 
UV altered inflorescence elongation and 
branching in Arabidopsis thaliana. Interest 
in such UV effects increased substan-
tially2-4 following measurements in the 
1980s of stratospheric ozone depletion, 
and increases in UV-B (280–315 nm) in 
the biosphere.5 The consensus of several 
decades of UV-B research is that natural 
UV-B levels do not cause stress in accli-
mated plants. However, subtle inhibitory 
UV-B effects on biomass accumulation 
are correlated with morphological altera-
tions such as reductions in leaf expansion.4 
Thus, understanding the functional role 
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and mechanism underlying UV-induced 
morphogenesis is of substantial interest.

UV-Acclimated Phenotype

Impacts of UV-B radiation on leaf mor-
phology are well described and include 
shorter, narrower and/or thicker leaves, 
shorter petioles, leaf curling, and altera-
tions in leaf shape.6-9 UV-B also impacts 
on stem development by inhibiting hypo-
cotyl and stem elongation, by increasing 
tillering or axillary branching, and this 
can alter both the root-shoot ratio and 
the structure of the inflorescence.6 In 
Arabidopsis, UV initially causes a rela-
tively strong decrease in expansion along 
the longitudinal leaf axis, resulting in 
a decreased length/width ratio. When 
these leaves grow older, the length/width 
ratio is restored due to stronger inhibition 
of expansion along the transverse axis, 
emphasizing that this is a well regulated 
process.10

Functional Relevance

There is little consensus about a func-
tional role for UV-driven morphogenesis. 
Some authors have argued that morpho-
genic alterations diminish UV-B expo-
sure. For example, leaves of short, bushy 
plants are more likely to be shaded and 
less exposed to UV-B within a canopy.11 
UV-B levels under a canopy can be 
decreased by 98–99%.12 As a trade-off, 
morphogenic changes decrease intercep-
tion of photosynthetic radiation and this 
can potentially lead to shifts in the com-
petitive balance between species.11 Yet, 
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by negatively affecting polar transport 
through efflux carriers,20 and/or by alter-
ing auxin catabolism.21 Consistently, some 
Arabidopsis flavonoid mutants display 
alterations in auxin distribution and plant 
morphology.22-24 Hectors et al.9 showed 
that two Arabidopsis auxin mutants dis-
played altered flavonoid accumulation, 
and an altered morphogenic response 
when exposed to UV-B. This implies that 
UV-induced morphological responses 
may well be affected by crosstalk between 
flavonoid accumulation and auxin 
homeostasis. Interestingly, the UVR8-
pathway controls expression of several fla-
vonoid biosynthesis genes,17 thus crosstalk 
between flavonoids and auxins may also 
be linked to UVR8 signaling.

Cell cycle control and endoreduplica-
tion. Central to regulating organ size is 
control of cell division and/or cell expan-
sion.25 Endoreduplication is a determinant 
of cell size, with higher ploidy levels asso-
ciated with bigger cells.26 UV-B impedes 
cell cycle progression,27 decreasing both 
cell numbers and endoreduplication.26 
However, UV-B also downregulates the 
transcription factor E2Fe/DEL1, which 
represses onset of endoreduplication, and 
expression of DNA photolyase PHR1.26 
It was proposed that this switch can lead 
to UV-mediated ploidy-driven expan-
sion growth, compensating for smaller 
cell numbers.26 Interestingly, the UVR8 
mutant has a different endoreduplica-
tion profile than the corresponding 
wild type under UV-B,8 implying that 
crosstalk between the UVR8 pathway 
and cell cycle control may impinge on 
morphogenesis.

Stress induced morphogenic 
responses. Many different stressors 
induce alterations in plant morphology. 
The concept of stress induced morpho-
genic responses (SIMR) captures the 
similarities across a range of environ-
mental stressors.28 The key components 
of SIMR are inhibition of cell elonga-
tion, localized stimulation of cell divi-
sion and alterations in cell differentiation 
status, and these are hypothesized to 
arise through common processes such as 
increased ROS production and altered 
phytohormone metabolism.28 SIMR-style 
morphogenesis is likely to be limited to 
high UV-B levels that result in generation 

morphology. A UV-B specific photore-
ceptor, UV RESISTANCE LOCUS 8 
(UVR8) is a co-regulator of UV-protection, 
controlling expression of genes involved 
in flavonoid biosynthesis, DNA-
repair, and anti-oxidative defense.13,14,17 
Components of the UVR8-signaling cas-
cade are associated with morphological 
responses, including CONSTITUTIVE 
PHOTOMORPHOGENIC 1 (COP1), 
ELONGATED HYPOCOTYL 5 
(HY5) and REPRESSOR OF UV-B 
PHOTOMORPHOGENESIS 1 (RUP1) 
and RUP2.14 Indeed, the uvr8 mutant 
does not display UV-mediated inhibition 
of hypocotyl growth,18 although the uvr8 
mutant grown under supplemental UV-B 
remains smaller than the wild-type.8,18 
Interestingly, it has been argued that 
UVR8 does not induce “dwarfism,” but 
rather stimulates cell expansion to compen-
sate for UV-B induced decreases in whole 
leaf growth.8

Crosstalk between flavonoids and 
auxin. Flavonoids have both anti-oxi-
dant and UV-screening properties and 
typically accumulate in UV-B exposed 
tissues and organelles.19 Flavonoid-
aglycones impact on auxin homeostasis 

the possibility that UV-B driven mor-
phogenesis has a function other than 
UV-protection should also be considered. 
Plants possess a specific UV-photoreceptor 
and signaling pathway,13,14 and it is pos-
sible that plants use UV-B as a proxy for 
factors such as high intensity visible radia-
tion, heat, or drought which are typically 
associated with high UV-B.

Underlying Cellular and Molecular 
Mechanisms

Reductions in leaf area have variously been 
attributed to inhibition of cell division,15 
cell expansion,10 or combinations of these 
two processes. Yet, increased cell expan-
sion,7 and cell division16 have also been 
reported. It is not clear why such diversity 
in UV-responses occurs, and the question 
arises whether a single underlying process 
can accommodate all observations, or 
whether different processes operate under, 
for example, different experimental con-
ditions? Based on a literature survey, we 
have identified four potential players in 
UV-B mediated morphogenesis.

A UV-B sensory pathway. 
Photoreceptors play a key role in controlling 

Figure 1. Summary of morphogenic processes in uV-B exposed plants. uV-B can directly inhibit 
growth through cellular damage (Jiang et al., 2011).27 alternatively, dwarfism is mediated through 
the uVr8 pathway (Favory et al., 2009)18, or uVr8 compensates for inhibitory effects of uV-B on 
growth (Wargent et al., 2009b).8 the uVr8 pathway may directly regulate morphogenesis, or this 
may involve crosstalk with other processes, including flavonoid accumulation, endoreduplication 
and antioxidant scavenging. this can potentially generate feedback regulation at the biochemi-
cal/physiological level, fine-tuning the morphogenic response, and accommodating the observed 
diversity of morphogenic effects.
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of high levels of ROS. Nevertheless, the 
low UV-B UVR8 pathway is likely to 
influence SIMR-style morphogenesis 
through the upregulation of antioxidant 
defenses.17

Conclusions

UV-B can inhibit growth through cellular 
damage27 (Fig. 1). Alternatively, there is 
evidence that UVR8 either causes dwarf-
ism18 or compensates for inhibition of 
growth under UV-B.8 It is not clear how 
the UVR8 pathway affects morphology, 
this may be through a direct process, or 
involve crosstalk with other morphogenic 
processes (Fig. 1). Our survey indicates 
that UVR8 mediated changes in flavo-
noid accumulation, endoreduplication 
and antioxidant scavenging capacity can 
potentially generate feedback regulation at 
the biochemical/physiological level, fine-
tuning the morphological response, and 
accommodating the observed diversity of 
morphogenic effects (Fig. 1). These physi-
ological feedback interactions complement 
those at the gene-expression level (involv-
ing COP1, RUP 1 and RUP2).13,14 Taken 
together, we speculate that UV-mediated 
morphogenesis, rather than being con-
trolled by a single regulatory pathway, is 
controlled by a regulatory blur of compen-
satory molecular and physiological feed-
back interactions.
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